Abstract: A noncommutative(NC) version for a global O(N ) scalar field theory is proposed and an alternative investigation about how noncommutative drives spontaneous symmetry breaking (SSB) is explored. Indeed, we show that the noncommutativity plays an important role in such mechanism, i.e., it is possible to show that there is a Higgs group with no more than two Higgs bosons. In this scenario, we establish two mutually exclusive options: one Higgs boson with mass at 125 GeV and other at 750 GeV -2 TeV excess does not imply a 2 TeV mass resonance -or two Higgs bosons with mass-degenerate near 125 GeV, where 2 TeV and 750 GeV excesses do not imply a 2 TeV and 750 GeV masses resonance.
Introduction
Recently, we propose an alternative method to induce noncommutativity into a commutative theory -Noncommutative Mapping[1] -, where it was possible to setup different NC algebra with 2n(n − 1) NC parameters into a n-dimensional system. Therefore, it allowed us to explore different contributions related to the noncommutativity. This result driven us to generalize the * -product [2] [3] [4] [5] . Further, it was also shown that different NC algebra among the phase-space coordinates origins different NC system and that the mass and charge are now NC parametrized. In another article [6] , it was shown that the NC parameter plays the role of the viscous damping coefficient in the damped harmonic oscillator(DHO) and, among other things, the Noncommutative Mapping was applied in the global O(N ) scalar field theory, where the presence of damping feature was revealed and it was also discussed the relations among bosonic string attached to a 3D-brane, DHO, 2D-NC oscillator harmonic and NC scalar field theory. More recently, we have been revealing [7] how spontaneous symmetry breaking (SSB) and Higgs-Kibble mechanism are driven by the noncommutativity and it was explored not only to explain, in an alternative way, the massdegenerate Higgs bosons near 125 GeV, but also to see how the Higgs-Kibble mechanism changes in order to generate a NC dependent mass to the gauge fields.
CMS [8] [9] [10] and ATLAS [11] collaboration have reported several excesses ∼2 TeV in the dijet invariant mass spectrum of ∼20.3 f b −1 at √ s = 8TeV, for example: the ATLAS collaboration has reported that a 3.4σ, 2.6σ and 2.9σ deviation are observed ∼2 TeV in the invariant mass distribution of boosted WZ, WW and ZZ, where the global significance of the discrepancy in the WZ channel is 2.5σ; the CMS experiment reported a moderate excess, ∼1.4σ for the dijet resonances, where the W-and Z-tagged jets are indistinguishable; CMS experiment reported a ∼ 2σ excess at ∼1.8 TeV in the dijet resonance channel search. In this scenario, there are several papers [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] explaining this diboson excesses at 1.8 ∼2 TeV.
In 2015, with the LHC Run II -ATLAS [30] and CMS [31] -, an accumulated luminosity of ∼3 fb −1 at √ s=13 TeV showed a hint of a new particle at ∼750 GeV decaying into a photon pair. Despite of the 750 GeV excess may not involve a broad resonance with a mass near 750 GeV [32, 33] , there are many ways to interpret the 750 GeV excess as being a 750 GeV mass resonance, for example: in the framework of a single new scalar particle [34] , by singlets coupled to vector-like fermions [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] , composite states [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] , reduction of extra dimensions [62, 63] , axions [64, 65] or sgoldstinos [66] [67] [68] . Further, some authors start to explore a possible link of this new resonance to a dark matter particle [69] [70] [71] [72] [73] [74] [75] . Besides of all of this, we also find in the literature some articles where the authors assume that the 750 GeV diphoton excess is due to new Higgs boson(s) in Two-Higgs-Doublet Model (2HDM) [76] [77] [78] [79] [80] [81] [82] [83] .
Inspired by the 2HDM idea and by the NC contributions in mass-degenerate Higgs bosons [7] , we propose to disclose a Higgs boson group from the NC point of view. This work is organized as follows. In section 2, we explore Noncommutative Mapping [1] in field theory. In order to get this, a simple global O(N ) scalar theory is initially considered and, after that, we propose an ansatz that allows us to get a particular NC version for O(N ) scalar field theory. In section 3, a global O(4) scalar field theory, with an internal symmetry group, is considered and, similarly to what was done in section 2, a NC version field theory is obtained and the contribution of noncommutativity in the spontaneous symmetry breakdown mechanism [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] might be properly explored: we show that there is a Higgs group with only two Higgs bosons, where they can be interpreted as being the one with mass equal to 125 GeV and the other with 750 GeV -there is no room to accomodate the 2TeV excess -or two Higgs bosons with mass-degenerate near 125 GeV, where 2 TeV and 750 GeV excesses do not imply a 2 TeV and 750 GeV masses resonance. At the end, some conclusions are presented.
NC scalar field theory
In order to investigate the contribution of noncommutativity in the context of field theory, a simplest scalar field in four space-time dimensions is considered, namely, a global O(N ) scalar field theory, whose its dynamics is governed by
where λ is a positive number, µ 2 can be either positive or negative and the field φ i transforms as an N -vector. The corresponding Hamiltonian is
with the following potential
It is well know that if µ 2 > 0, then the vacuum is at φ i φ i = 0 and the symmetry is manifest, and µ 2 is the mass of the scalar modes. On the other hand, if µ 2 < 0, there is a new vacuum solution given by φ i φ i = −µ 2 λ , which has an infinite number of possible vacua.
In the commutative framework, the symplectic variables are ξ β = (φ i , π i ) and the symplectic matrix is
The noncommutativity is introduced into the model changing the brackets among the phase-space variables, given by
where the time-dependent antisymmetric quantity, Θ ij , embraces the noncommutativity. These brackets are comprised by the symplectic matrix in NC basis, namely:
The NC transformation matrix [1] , R = f f −1 , is written as
Since the commutative symplectic variables ξ β = (φ i , π i ) change to the NC ones
In agreement with the NC Mapping [1] the NC first-order Lagrangian can be read as
where H(φ i , π i ) = H( φ i , π i ) and the latter one is the NC version of the Hamiltonian, Eq.(2.2), given by
The Hamiltonian density above, with the help of Eq.(2.8), renders to
where
Observe that the original model is restored when Θ ij is a null quantity. Occasionally, energy density might be written as being the sum of kinetic and potential energy [96] , 13) where, in the Eq.(2.11), T is the two first term and V , as usual, is the term involving no time derivatives, namely,
As a consequence, if the energy is to be bounded below, U must be also bounded below. The Hamilton's equation of motion
is calculated and the canonical momenta is obtained as being 
with the time-like vector n µ = (1, 0), which is a normal vector of a noncovariant set of equitemporal surfaces (t = constant) where the Hamiltonian analysis is implemented. However, this noncovariance is apparent, because if we consider a larger set of space-like surfaces to develop the Hamiltonian formalism, this obstruction can be removed 1 . From this point of view, Θ ij appear as a set of Lagrange multipliers that imposes the velocity dependent constraint (∂ µ φ i )φ j . As pointed out by some authors [98] [99] [100] , a Lagrangian, first-order in velocity (φ i ), can always be considered as arising from a U (1) background potential in configuration space. At this point, we would like to point out that the middle term of the right hand side of this NC Lagrangian plays the role of damped term [6] . In order to investigate how the noncommutativity drives the spontaneous symmetry breaking and Higgs-Kibble mechanism, we assume the dimension of the internal group as being N = 2 n , with n ∈ N + , and consider the following ansatz, 17) where θ could be a constant or a time-dependent parameter, and Σ ij are the elements of a constant antisymmetric matrix Σ. For N = 2, we have Σ = ε, where ε is the 2 × 2 antisymmetric matrix with ε 12 = 1 and, consequently, the ansatz renders to
For N > 2, the Σ matrix is given by
Due to this, we get 
with µ 2 = µ 2 + 1 4 θ 2 . Note that the original mass can now be tuned by the NC θ-parameter. Further, we can also consider, from the beginning, that µ 2 = 0. In this scenario, the NC potential, Eq.(2.22), renders to 
At this point, we would like to point out that θ 2 is a positive definite parameter from the beginning, i.e., θ 2 > 0.
Spontaneous symmetry breaking
Let us now examine a simple example given by the global O(4) scalar theory with an internal symmetry group, where χ α i transform as a 4-vector and α = 1, 2:
where λ is a positive number and µ 2 can be either positive or negative. The corresponding Hamiltonian is
In the commutative framework, the symplectic variables are ξ = (χ α i , π α i ) and the symplectic matrix is
where antisymmetric matrix, Θ ij , embraces the noncommutativity. These brackets are comprised by the symplectic matrix in NC basis, namely:
For α = β, the matrix Θ is given by
and
Since the commutative symplectic variables ξ = (χ α i , π α i ) change to the NC ones ξ = ( χ α i , π α i ) through ξ = R ξ , it follows that
In agreement with the NC Mapping[1] the NC first-order Lagrangian can be read as
is the NC version of the Hamiltonian, Eq.(3.2), becomes
the Hamiltonian density H(χ α i , π α i ), with the help of Eq.(3.11), renders to
where 
Since each two scalar fields can be combined into each single complex scalar field, we write
is a doublet representation of SU (2) ⊗ SU (2) with an internal symmetry group. The Lagrangian, given in Eq.(3.18), renders to 21) and applying the usual Legendre transformation, the Hamiltonian is computed and it is given by 22) where the potential U is
The potential is minimal at
A possible solution is
Then, the field φ α 1 = (φ 1 1 φ 2 1 ) has a charge Q α 1 = 1, while φ α 2 has a null charge, i.e., Q α 2 = 0. From the second equation given in Eq.(3.26), we get
An educated guess solution is
At this point, we would like to point out that the internal symmetry spontaneously breakdown, in an analogous way to what it happens to SU (2) ⊗ SU (2) symmetry group. The doublet φ α obeys the SU (2) ⊗ SU (2) transformation property
as a constant SU (2) ⊗ SU (2) doublet. We can reparametrize φ α in the following way:
with ζ α i (x) and H(x) as real fields and where τ α i are the SU(2) group generators. With this parametrization it is apparent that the fields ζ α i (x) can be transformed always by a SU (2) ⊗ SU (2) gauge transformation, as in the case of the Abelian Higgs model. This choice, which is called the unitary gauge, is perfectly adequate for calculations in the semiclassical limit. However, it must be abandoned beyond this limit. Here we will set ζ α i (x) = 0 and, consequently, the reparametrization above reduces to
Inserting the equation above into Eq.(3.23), we get
Inserting Eq.(3.28) into the equation above, we get
which allows us to infer that the Higgs scalar doublet H α has a squared masses:
2 , µ 2 < 0 and θ 2 > 0. Here, H 1 and H 2 can be interpreted, respectively, as being the Higgs boson with mass equal to 125 GeV and 750 GeV. Now, consider another educated guess solution for Eq.(3.27), given by
the Higgs scalar doublet H α has a squared masses:
This result can be interpreted in a two distinct and mutually exclusive way: first, H 2 can be interpreted as being the Higgs boson with mass equal to 125 GeV and θ can be settle in order to get H 1 as being the Higgs boson near 125 GeV, i.e., the mass-degenerate Higgs bosons near 125 GeV [7, [101] [102] [103] [104] [105] [106] can be explained and the 750 GeV excess does not imply a 750 GeV mass resonance; second, H 2 can be interpreted as being the Higgs boson with mass equal to 750 GeV and θ can be settle in order to get H 1 as being the Higgs boson at 125 GeV.
Another educated guess solution for Eq.(3.27) is
This hypothesis allows us to infer that the Higgs scalar doublet H α has the same following squared masses, given by
Here, H 1 and H 2 can be interpreted as being two Higgs boson with 125 GeV and, due to some kind of an interaction among them, the mass-degenerate Higgs bosons near 125 GeV [7, [101] [102] [103] [104] [105] [106] might appear. Further, we can also propose a general solution for Eq.(3.27),
with
Inserting Eq.(3.39) into Eq.(3.33), we get 
The sum of the two equations above is given by
Inserting Eq.(3.40) into the equation above, we get
Note that the Higgs group has two fields and there is a restrain between the NC θ-parameter and the mass mode(µ). Another possible discussion arises when the index group α is enlarged, i.e., α = 1, 2, 3. In this context, Eq.(3.27) changes to
and the potential, Eq.(3.33), reduces to 
Inserting these solution on Eq.(3.46), we get
The coefficients of µ 2 must be non-null and negative, then the parameters
This constrain together to the relation given in Eq.(3.48) lead us to conclude that the solution set for x 1 , x 2 , x 3 is the null set. Therefore, the symmetry does not spontaneously break and, consequently, it is not possible to have a doublet representation, SU (2)⊗SU (2) with an internal symmetry group, φ α i with α = 1, 2, 3, which embraces three Higgs bosons, at least in the NC approach. The later procedure can be applied in a doublet representation, SU (2) ⊗ SU (2) with an internal symmetry group, φ α i with α > 3 and, in an analogously way to what was done for φ α i with α = 1, 2, 3, we can conclude that the spontaneous symmetry breaking mechanism is obliterated, consequently, it does not exist a Higgs group with more than two Higgs bosons.
On the other hand, a general educated guess solution for Eq.(3.45) is
with x 1 + x 2 + x 3 = 1,
The coefficients of H α must be non-null and positive, then At this point, we would like to stress that the contribution of noncommutativity into the Higgs-Kibble mechanism, which is VEV dependent, was investigated in a previous work [7] .
Conclusion
We would like to point out that the NC θ-parameter affects the spontaneous symmetry breaking mechanism, vide section 3, in an astonishing way due to the doublet representation of SU (2) ⊗ SU (2) with an internal symmetry group, φ α i , α = 1, 2. Here, it was revealed that, when the spontaneous symmetry is breakdown, the NC θ-parameter changes the energy vacuum such that φ α i can be reparametrized, vide Eq.(3.32), which drives us to establish the following conclusion: for a doublet representation of SU (2) ⊗ SU (2) with an internal symmetry group, where α > 2, the spontaneous symmetry breakdown mechanism is obliterated and, consequently, there is a Higgs group with only two Higgs bosons. In this scenario, we argue that the 2 TeV excess does not imply a 2 TeV mass resonance and, also, we can interpret these two Higgs bosons, with a NC dependent mass, in the following way: (1) from Eq.(3.34) we get two Higgs bosons, one at 125 GeV and other at 750 Gev; (2) from Eq.(3.36) and Eq.(3.38) the Higgs group presents mass-degenerate Higgs bosons near 125 GeV and, consequently, 750 GeV excess does not imply a 750 GeV mass resonance.
